Formulas are derived describing the phenomenon of total re6ection of neutrons by a ferrornagnet in dependence on the state of magnetization. It is shown how experiments of this kind can give information concerning the magnetic interaction between neutrons and atomic magnetic moments. A method to obtain well-polarized neutron beams with an intensity loss of only 50 percent of the primary beam is outlined. The eRect of pure magnetic scattering and its influence on the transmission eRect is discussed; an experimental arrangement for its observation is described. The signi6cance of the approach to saturation in the single transmission eRect is discussed in connection with the saturation theory of ferromagnets. Remarks are made concerning the possibility of detecting wall eRects of magnetic domains through depolarization of neutron beams,
1. INTRODUCTION HE present paper contains the discussion of a number of eftects which are produced by the passage of neutrons through a ferromagnetic material.
They are otherwise only indirectly connected with each other; some of them are more concerned with neutron properties, while others refer to information concerning the solid state which can be gained using neutrons as tools of exploration. Frequently in this paper we sha11 have occasion to refer to formulae derived and results obtained in three earlier papers' which shall be referred to in the following as I, II, and III.
REFRACTION, TOTAL REFLECTION AND POLAR-IZATION OF NEUTRONS BY FERROMAGNETS'
In paragraph 5 of III, we have derived expressions for the indices of refraction of neutrons passing through a (ferromagnetic) medium. This refraction is due to the scattering of the neutrons by the nuclei (and by the magnetic moments of the ferromagnetic atoms). Only the coherent scattering by the nucleus contributes to the index of refraction; the scattering due to the interaction of the neutrons of the atoms' magnetic moments is coherent in the case of ferromagnets but shows the added complication that it depends upon the relative orientations of the atomic magnetic moment and the neutron spin. If we resolve the spin of the incident neutron along the axis of magnetization, then a neutron of spin i has in general 2i+1 indices The pure magnetic scattering which is proportional to the square of the iron's magnetic moment did not enter into these calculations because it was assumed to be independent of the over-all state of magnetization of the material.
We shall show that due to the peculiar angle dependence of the magnetic scattering discussed in I fj6 this simplification is not generally permissible;
this will lead to a comparatively weak (negative) transmission eGect linear in the thickness of the transversed material, in addition to the usually observed (positive) transmission effect which for complete saturation is quadratic in the thickness of the transmitted material.
' Unpublished results.
' F. Bloch, Phys, Rev. 50, 259 (1936}. If, as assumed before, the direction of magnetization is lying in the plane of the mirror, the magnetic scattering amplitude becomes a maximum. It drops to its minimum value 'f &lleo C"= 0.
If the material is originally unmagnetised, then the directions of magnetization in the various domains make random angles with kp and we obtain, therefore, for a axed scattering angle an intensity given by J~C'+ (e'yS/mc')'q'.
The second part in (6) refers to the well-known positive transmission eGect; we here want to note the actual value of the third term in the unmagnetised state which, after averaging, becomes J~C'+ (e'yS/mc')'-, '.
If, on the other hand, the material is near magnetic saturation, then we are only allowed to average over the azimuth of the scattering angle, and obtain from (6) the following expression for the intensity The difference between the third terms in (7a) and (g) gives the previously discussed linear transmission eGect.
We find. that even the sign of this difference varies with the scattering angle; it is positive for small and negative for large angles.
To demonstrate the infIuence of pure magnetic scattering most clearly, it is advisable to make this term as large as possible, while, at the same time, reducing the amount of the positive transmission eGect.
%e remember for this purpose that the positive transmission eGect is extremely sensitive to deviations from saturation; theory' and experiment" show in full agreement that for some materials a deviation from saturation of several percent is sufncient to reduce the transmission eGect by one or two orders of magnitude.
The 
Here m is the cross section due to the middle term in (6) and p is the coefficient of depolarization which is proportional to the deviation from saturation. For X~4A and 90 percent saturation u 0.9, p 200 and 6 therefore 0.4 percent/cm which constitutes only a correction to the previously calculated negative transmission effect.
A determination of the transmission effect as function of magnetization should, therefore, lead to an isolation of the pure magnetic scattering and permit a direct experimental determination of the form factor of scattering for the 6rst Debye ring. The experiment could, of course, be extended to smaller wave-lengths, but since very soon other Debye rings will appear, which, according to (8), would diminish the efFect, it would soon become impracticable.
The effect here discussed is also of some signi6cance in the evaluation of experiments near saturation. It is true that then the mell-known positive transmission effect will greatly outweigh the negative transmission effect here discussed, but, since this negative transmission effect is aheays present, the true theoretical value of the positive transmission effect is larger than the observed experimental value by the amount of the previously neglected negative transmission effect. The structure of (8) 
then the law of depolarization takes on the form expL -px(5/vT)']. In this second case, the depolarization is obviously much smaller than in the 6rst one; the saturation value of the transmission effect would, therefore, be approached much earlier than in the first case.
The fact now that, as shown in reference 7, the depolarization egect follows a law of the type (11) in which 6 is of the order 10 ' cm indicates that the investigated materials have domain sizes satisfying (11). It is, therefore, not possible to assume a certain percentage of the material to be present in the forms of microscopic grains which only very slowly take on the saturation value of magnetization; these small grains could perhaps account for a slow saturation as determined by measurements of the magnetic flux, but would be quite unobservable in the transmission effect.
The fact that the saturation of magnetization follows the same law as the saturation of the transmission effect constitutes a cogent argument for the identity of the domains that are responsible for both phenomena.
S. THE INFLUENCE OF WALLS SEPARATING DOMAINS
In II theoretical formulas and experimental methods have been described to determine the sizes and orienta- The extension of our method to the measurement of wall thicknesses would, of course, be highly vrelcome; the remarks here made are intended to serve the purpose of pointing out several requirements that are necessary prerequisites for such experiments.
